The present study was proposed to investigate the effect of rifaximin (RFX) on methyl nitrosourea (MNU) induced mammary gland carcinoma in albino wistar rats. Animals were randomized and divided among four groups of six animals each. Group I (control 0.9% normal saline, 3 ml kg 
Introduction
Rifaximin (RFX), is a nonsynthetic antibiotic of the rifamycin group of antibiotics, approved for treatment of traveller's diarrhoea and hepatic encephalopathy. Several clinical trials have revealed that RFX has efficacy toward irritable bowel disease (IBD), presumably as a result of alteration of intestinal microbia. 1 The mechanism contributing to the benecial effects of RFX in IBD is not fully understood. Recently, it was reported that the susceptibility to IBD was strongly associated with genetic variation in the pregnane X receptor gene (PXR), a member of the nuclear receptor family.
2 Subsequently, RFX was investigated for its role in the activation of the PXR. PXRhumanized (hPXR), PXR-null, and wild-type mice were treated orally with RFX and rifampicin (a well-established human PXR ligand) and it was reported that RFX mediates activation of human PXR.
3
PXR is a ligand dependent transcription factor known to regulate xenobiotic and cholesterol metabolism, energy homeostasis, gut mucosal defence and cancer development. Initially, the expression of PXR was reported to be highly tissue specic in liver and intestine. [4] [5] [6] [7] Later, studies endorsed the PXR expression in mouse kidney, ovary, uterus, human brain and breast tissues.
7-10 PXR has also been reported to be highly expressed in certain cancers and promote cell proliferation and chemoresistance, [11] [12] [13] and potentially contributing to malignancy. 12 Moreover, PXR overexpression by stable transfection of hPXR or by pharmacological activation has been reported to inhibit apoptosis in HepG2 cells.
14 On the same line, overexpressing constitutively activated PXR or through pharmacological activation by rifampicin has been reported to proproliferative and anti-apoptotic in HCT116 (human colon cancer) and LS180 (intestinal human colon adenocarcinoma) cells. 15 The studies have given an overall impression of proproliferative and anti-apoptotic role of PXR. However, PXR has also been shown to favourably regulate apoptosis, particularly in the tissues that are outside the metabolic realm of the liver and intestine, including tumour tissues of endometrial and breast cancer. 16, 17 A recent in vitro study has also proposed PXR as a novel mediator of apoptosis via p53-dependent and independent pathways. Ectopic expression of human PXR via stable transfection signicantly inhibited the growth and cell proliferation in vitro, suggesting a novel physiological role of PXR in protecting the cells from unregulated oncogenic proliferation. 16 On the same line, Verma and colleagues 18 reported the inhibition of cell proliferation in the MCF-7 and ZR-75-1 breast cancer cells through structurally and functionally distinct PXR activators. The study also reported that the proliferative inhibition is mediated through cell cycle arrest at the G1/S phase followed by apoptosis mediated through the up-regulated pro-apoptotic genes, CDKN1A (p21), BBC3 (PUMA) and BAX. 18 Henceforth, role of PXR, as pro-or anti-apoptotic in breast cancers stands as an important aspect for optimizing breast cancer therapies. The above aspect of PXR activators is further strengthened by the fact that most of the commonly used chemotherapeutic agents (e.g. tamoxifen, taxol, cyclophosphamide, cisplatin) are PXR activators and requires further investigation using appropriate in vivo systems. Considering the above the present study was undertaken to elaborate the effect of RFX (PXR activator) on cellular proliferation and apoptosis against N-methyl nitrosourea (MNU) induced mammary gland carcinoma.
Materials and methods

Drug and chemicals
RFX was procured from Lupin Limited, Mumbai, India. MNU was obtained from Sigma Aldrich Co. St. Louise Mo 63103 USA. The uorometric assay kits for the estimation of caspase 3 (SC-4263) and caspase 8 (SC-4267) were purchased from Santacruz biotechnology Inc., California, Delaware. All other chemicals were of analytical grade and procured from Genetix Asia Private Limited, New Delhi else otherwise stated in the text.
Experimental protocol
Albino wistar female rats of 100-120 g body weight were used for this study. The rats were procured from the central animal house facility. The animals housed in polypropylene cages under controlled conditions (12 h light/dark cycle), with a free access to a standard pellet diet and water ad libitum. They were acclimatized for a period of two weeks prior to the commencement of the experiment. Animals were randomized and divided into 4 groups of 6 animals each. Group I (control 0.9% normal saline, 3 , p.o.). Toxicity was induced by single i.v. injection of MNU followed by RFX therapy for 90 days at the dose mentioned above. The blood samples were collected under chloroform anaesthesia through retro orbital plexus in centrifugation tubes. The blood samples were incubated at 37 C for 1 h and centrifuged at 10 000 rpm for 15 min to collect serum. The serum samples were stored at À20 C till further use. Animals were sacriced on the 120th day and subjected to estimation using the methods elaborated in the forthcoming section. Animal experiments were carried out as per the guidelines established by the Department of Animal welfare, Government of India, and was approved by the "institutional animal ethics committee (IAEC)" (approval no.: IAEC/SHIATS/ PA16III/SSPG19).
Heart rate variability (HRV)
The animals were anaesthetized using ketamine hydrochloride (100 mg kg
À1
, i.m.) and diazepam (5 mg kg
, i.m.) in combination on 119th day and subsequently mounted on a wax tray. The platinum hook electrodes were placed on the skin of the dorsal and ventral thorax to record the ECG signal. The electrodes were connected to Bio-amplier (ML-136) (AD Instruments, Australia) and channel PowerLab (ML-826) (AD Instruments, Australia) to convert analogue to digital signals. The ECG signals were saved on the hard disk and analysed offline using Labchart Pro-8 (AD Instruments, Australia). HRV analysis was conducted on multiple segments of continuous ECG signals perceived in the preceding section. Firstly, all the raw signals were inspected manually to ensure that all the R waves are detected correctly. Subsequently, HR was calculated by plotting the number of R waves per unit time. Following the same, time and frequency domain parameters of HRV were calculated using the Lab chart Pro-8 (AD Instruments, Australia).
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Carmine staining of whole mounts mammary gland Mammary gland tissues from each group were assessed for their morphological changes using carmine staining. The tissues were xed by putting the slides into Carney's xative solution for two days. Slides were washed with 70% ethanol and stained with a carmine alum solution for two days. Subsequently, stained tissues were rehydrated using increasing concentration of ethanol (70%, 95%, 100%) followed by xylene for two days. Dehydrated slides were observed under a light microscope at 4Â (N120, BR Biochem Life Sciences, New Delhi, India). 20 Mammary gland differentiation (DF) was assessed by scoring the number of alveolar buds (ABs) type 1 and type 2. The score values (0-5) from AB1 and AB2 were added to a nal DF score (0-10).
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Scanning electron microscopy (SEM)
Fresh small unxed pieces of the mammary gland tissues were taken from the each group. Tissue blocks were treated in eagle's balanced solution containing 100 mg ml À1 collagenase and 2.5 TRU (turbidity reduction unit) per ml of hyaluronidase containing 0. 
Morphological evaluation
Mammary gland tissues were appraised histopathologically using haematoxylin and eosin (H&E) staining. The tissues were xed in paraformaldehyde for overnight, succeeded by 70% isopropanol overnight. Tissues were further exposed to augmenting concentration of isopropanol (70%, 90%, and 100%)
consequently superseded by dehydration with 100% xylene. The tissues were embedded in paraffin wax and the blocks were prepared. 5 mm sections were prepared using microtome followed by staining with H&E. The sections were visualized and photographed at 40Â using digital biological microscope (N120, BR-Biochem Life Sciences, New Delhi, India).
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Biochemical estimation
The mammary gland tissues (10% w/v) were homogenized in 0.15 M KCl and centrifuged at 10 000 rpm. The supernatants were scrutinized for biochemical parameters including thiobarbituric acid reactive substances (TBAR's), superoxide dismutase (SOD), catalase, protein carbonyl and acetylcholine (Ach) using the methods established in our laboratory.
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Caspase-3 and caspase-8
Caspase-3 and caspase-8 uorometric assays were performed using the methods elaborated in the literature. The assay was carried out in 96-well plate. Equal volumes of serum sample from both control and experimental animals were diluted with reaction buffer and DTT was added to a nal concentration of 10 mM. To the reactant mixture 5 ml of IETD-AFC/DEVD-AFC substrate was added and incubated for 1 h at 37 C. Free AFC levels formed were measured in a plate reader with a 400 nm excitation and a 505 nm emission. The results of experimental samples were compared with control and expressed as uores-cence units per mg of protein.
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Western blotting
Protein samples were prepared from the mammary gland tissue through acetone precipitation and quantied by using the Bradford reagent.
30 SDS-PAGE analysis was performed following the principles of Laemmli with slight modications. 31 Briey, protein samples were mixed with sample buffer (125 mM TrisHCl, pH 6.8, 20% glycerol, 4% SDS, 0.05% bromophenol blue, 10% 2-mercaptoethanol). A 30 mg of protein sample was allowed to resolve through 12% polyacrylamide gel using SDS-PAGE (GX-SCZ2+, Genetix Biotech Asia Pvt. Ltd, New Delhi). The proteins as resolved through SDS-PAGE were transferred to a PVDF membrane (IPVH 00010 Millipore, Bedford, MA USA) using semi-dry transfer (GX-ZY3, Genetix Biotech Asia Pvt. Ltd, New Delhi). Subsequently, membrane was blocked with 3% BSA and 3% not fat milk in TBST for 2 h and incubated overnight with primary antibody against UCHL-1(MA1-83428) (1 : 2000 dilution), (2876 cell signalling), COX (PA5-17614), NF-kBp65 (MA5-1616) (1 : 2000), BCL-xl (MA5-15142), BAD (SC-8044) (9292 cell signalling) and b-actin (MA5-15739-HRP) (Pierce, Thermo scientic) (1 : 300 dilution). The membrane was washed with TBST thrice and incubated with HRP conjugated rat antimouse secondary antibody (31 430, 1 : 5000 dilutions) (Pierce Thermo Scientic) at room temperature for 2 h. The signals were detected using an enhanced chemiluminescence substrate (Western Bright ECL HRP substrate, Advansta, Melanopark, California, US). The quantication of protein was done through densiometric digital analysis of protein bands using Image J soware.
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Statistical analysis All data were presented as mean AE SD and analysed by one-way ANOVA followed by Bonferroni test and for the possible signicance identication between the various groups. *p < 0.05, **p < 0.01 and ***p < 0.001 were considered as statistically signicant. Statistical analysis was performed using Graph pad prism soware (5.02).
Results
The results revealed non-signicant ination in the AB (9.25 AE 1.58) and lobule score (2.63 AE 1.06) with MNU treatment which was dose dependently curtailed down with the RFX treatment. Similar pattern of signicant negating effects were evident in the RFX while scrutinizing the DF score in the whole mounts of the mammary gland (Table 1) (Fig. 1A-D) . H&E staining of the mammary gland tissue was evident with myoepithelial cells, cuboidal epithelial cells, loose connective tissue (LCT), dense connective tissue (DCT), lymphocytes, adipocytes and duct in the control animals. The MNU treatment distorted the normal architecture with loss of LCT and DCT along with myoepithelial cells, cuboidal epithelial cells. RFX treatment restored the normal architecture in the dose dependent manner (Fig. 1E-H) . The mammary gland tissues were subsequently scrutinized through scanning electron microscopy. The control tissue was very well characterized with the presence capillary network along with collagenous covering. MNU treatment was recorded to have nodules formation representing cellular proliferation. Treatment with RFX helped to restore the collagenous covering and capillary network in the mammary gland (Fig. 1) .
Non afforded signicant down regulation of the same. In consonance to the antiapoptotic markers, the expression proapoptotic BAD was favorably up regulated by RFX (25 mg kg À1 ). The favorable regulation by the RFX towards the apoptotic marker was also evident through BAD/BCL-2 ratio, wherein RFX (25 mg kg À1 ) observed signicant increase. The above sets of observation were also endorsed, once scrutinized through the effector caspase 3 and caspase 8. The RFX (25 mg kg À1 ) up regulated the levels of caspase 3 and caspase 8 in the MNU treated animals (Fig. 2) . The overall tumor progression and prognosis by RFX was further scrutinized through the biological markers like UCHL-1, COX-2 and autonomic dysfunction. RFX treatment non-signicantly curtailed the expression of UCHL-1 in comparison to MNU treatment and COX-2 expression remained unaffected aer the MNU or low dose of RFX treatment (Fig. 3) . The experimental animals were also scrutinized for the autonomic dysfunction as a prognostic marker for tumor progression. The study endorsed the increase in heart rate ( either of the treatments (Table 3 ). The autonomic control was further scrutinized through the time and frequency domain HRV parameters. The ratio of lower frequency (LF) to higher frequency (HF) was decreased in MNU treated animals (0.11 AE 0.01) which was increased by the low dose RFX (0.33 AE 0.01) ( Table 4) (Fig. 4) . The autonomic dysfunction aer the MNU treatment was also evident with the decreased levels of Ach (923.97 AE 27.72 nM ml À1 ). Concomitant treatment with RFX dose dependently increased the Ach concentration with vice versa effect upon the plasma AchE levels.
Discussion
The present study demonstrated the effect of RFX against MNU induced mammary gland carcinogenesis in albino wistar rats. The mammary gland tissue was examined through whole mount preparation to study the small proliferative lesions represented by the increase in number of AB and lobules. AB and lobules represent the structure from which premalignant pathologic changes to ductal carcinoma and corresponds to the terminal ductal lobular units in human breast. 33 Increase in AB number is directly correlated with the increased chances of developing malignancy and numerically represented through DF. 34 The MNU administration was evident with the increase in AB and DF score. Treatment with RFX afforded signicant curtailment of the same, suggesting demarcating effect of RFX upon vascularization and subsequently angiogenesis in mammary gland tissue.
14 The architecture of the mammary gland tissue was further scrutinized through the H&E staining and SEM. The MNU administration was evident for loss to duct cuboidal epithelial, myoepithelial cells along with LCT, which are in corroboration with the previous reports. 35 The corresponding SEM analysis revealed the loss of capillary network along with collagen ber and development of nodules representing tumor lesions. 36 The H&E staining and SEM analysis conrmed the vascularization of mammary gland tissue by MNU as perceived through the whole mount preparation and is in line with the previous reports. Concomitant treatment with RFX afforded restoration of the duct, LCT, DCT and cuboidal epithelial cells when perceived through H&E staining. On the similar lines, SEM analysis of the mammary gland tissue treated with RFX helped to restore the capillary network and collagen covering of the tissue. Studies have perceived a signicant demarcating effect of RFX towards culminating the deleterious effects of MNU against mammary gland carcinoma in albino wistar rats.
Reactive oxygen species (ROS) generation and oxidative stress are a well-established testimony for the MNU induced carcinogenesis. 37 Oxidative stress is dened as an imbalance between the generation and metabolism of ROS and reactive nitrogen species (RNS), surmounting to impaired cellular metabolism and changes in the intra and extracellular environmental conditions. 38 Excessive ROS and RNS production could lead to DNA damage including mutations/deletions/ amplications/rearrangements which can lead to defects in apoptosis. 39 A delicate balance between the ROS/RNS production is mediated through exogenous or endogenous antioxidant defense regulated through enzymatic and non-enzymatic mechanisms. MNU treatment was evident with increase in lipid and protein peroxidation as perceived through increased TBAR's and protein carbonyl levels and thereby endorsing the ROS generation. The enzymatic antioxidant defense of SOD and catalase were signicantly up-regulated aer MNU treatment and the same could be attributed to the feedback or activated enzymatic defense to counteract high circulating levels of ROS. It would be appropriate to notify that SOD, performs the dismutation of the H 2 O 2 to OH, which is further catalyzed to H 2 O and molecular O 2 by catalase. Both the enzymes work in tandem to neutralize the ROS and a similar pattern of fold change in the SOD/catalase is expected and was perceived in the present experiment. The concomitant RFX treatment afforded signi-cant curtailment in the products of lipid and protein peroxidation products along with up-regulation in the enzymatic levels of SOD and catalase. All in all, from the above one could derive signicant negating effects of RFX against MNU induced cancer. However, the possible mechanisms beneath the same remain a stand still question and therefore authors considered it worth to study the effect of RFX on apoptotic markers. Phosphoinositide-3 kinase/AKT (PI3K/AKT) signaling plays a vital role in cell survival and it has been implicated in various types of malignancies.
40 PI3K/AKT performs as a prosurvival factor by inhibiting apoptotic signal including inhibition of proapoptotic family members (e.g. BAX, BAD); activation of NFkb transcription factor (promoting transcription of antiapoptotic genes, in particular and BCL-xl). Additionally AKT also activates prosurvival proteins XIAP (X-linked inhibitor of apoptosis protein) resulting in inhibition of caspases. [41] [42] [43] [44] All in all, PI3K/AKT phosphorylation inhibits the apoptotic signaling ) (3) and RFX (50 mg kg À1 ) (4) were subjected to immunoblotting of pro-apoptotic (BAD) and anti-apoptotic (BCL-2 and BCL-xl), and inflammatory marker (NF-kb). b-Actin was used as internal loading control. Each experiment was performed in triplicate; (B) respective quantitative densitometry graphs of immunoblots of the proteins; (C) and (D) regulation of caspase-3 and caspase-8 by RFX in serum samples respectively. The activity of caspase was determined by commercial fluorescence based kits; and (E) ratio of BAD/BCL-2 subjected to MNU and RFX treatment. The data were represented as mean AE SD of three independent experimental protocols. Comparisons were made on the basis of the one-way ANOVA followed by Bonferroni multiple test. All groups were compared to the toxic control and control groups (* through multidimensional pathways. It would be appropriate to mention that PI3K/AKT pathway is one among the most important signaling cascade in human breast cancer and a recent study has accorded that activation of PI3K/AKT pathway in the progression of MNU induced cancer. In accordance to the previous report, we recorded the activation PI3K/AKT signaling cascade endorsed by increased expression of NF-kbp65, BCL-XL and down regulation of the levels of BAD, caspase 3 and caspase 8; subsequent to MNU treatment. Concomitant RFX treatment helped to down regulate the anti-apoptotic markers (NF-kbp65 and BCL-XL) and upregulated the pro-apoptotic signals (BAD, caspase 3 and caspase 8). It would be appropriate to remark that the low dose of RFX demonstrated more commendable regulation in comparison to high dose. The group of evidences derived through the above line of experiments gives a clear testimony for the efficacy of RFX against experimental carcinogenesis in albino wistar rats. The present observation is in line with the recent report, in fact adds to the small set of existing data that PXR activators can impart proliferative inhibition mediated through upregulation of proapoptotic markers. Authors would also like to pen down that the present report is the rst in vivo report affirming the efficacy of PXR activators against an experimental model for breast cancer as warranted/suggested by the previous researchers.
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All in all, low dose of RFX was more effective to regulate the deleterious effects of MNU in comparison to high dose. It would be appropriate to pen down that despite being less effective, no adverse effects could be recorded even aer the high dose of RFX. The less effectiveness of high dose could be attributed to the counterproductive effects of RFX. The present ndings are in consonance to the previous report suggesting aggressive/high dose treatment produces the best short-term results but may counterproductive as observed in the present study. Integrated multidimensional prognostic biomarkers approach is always preferred/utilized to dene the effectiveness of the proposed therapy. Henceforth, authors considered it worth to evaluate the COX-2, UCHL-1 and markers of autonomic dysfunction in the present study to further validate the efficacy of PXR activation through RFX. UCHL-1 is a tumor suppressor gene and has gained importance for its diagnostic and antimetastatic potential, particularly in case of breast cancer due to its deubiquitinating effect upon hypoxia-inducible factor-1a (HIF-1a). 47 Previously, we have reported the up-regulated levels of UCHL-1 in case of MNU induced carcinogenesis and similar observation was taken on record in the present study as well. RFX at the high dose was able to nudge down the UCHL-1 levels. The association between inammation, cancer and COX-2 is well established. Plethora of scientic literature, including from our own laboratory has endorsed signicant up-regulation of COX-2 in MNU induced mammary gland carcinoma. However we could not observe any change in the COX-2 expression in either of the groups. Authors would like to submit that appropriate control was incorporated during the experiment to avoid misidentication of COX-2. However, the present observation is beyond the scope of present manuscript.
Autonomic dysfunction represents of autonomic control usually associated with sympathetic over activity and parasympathetic down regulation. The autonomic dysfunction associated cardiovascular risk among the early breast cancer and breast cancer survivors is a well reported phenomenon.
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The interrelationship between the sympathetic and parasympathetic nervous system can be read using HRV. Therefore to have a broader prospect of the present study authors evaluated the HRV of the animals treated with MNU and subsequently RFX. Most of the antineoplastic therapy has been reported to be associated with autonomic dysfunction in breast cancer patients. 49 The poor autonomic control has been reported to be associated with increased HR and decreased HRV in the early breast cancer and survivors of breast cancer patients and MNU treatment was evident for the similar pattern of increased HR and decreased HRV. 50 The increased HR and decreased HRV, endorses the autonomic dysfunction in the animals treated with MNU and is in corroboration with the previous clinical reports of autonomic dysfunction in early breast cancer cases. 51 The autonomic dysfunction in the animals treated with MNU was also supported by the fact that we observed signicant decline in the Ach levels aer MNU treatment. The decrease in Ach represents parasympathetic down regulation and could be associated with sympathetic overactivity. 17 However, concomitant RFX treatment afforded a signicant increase in the Ach level. The said observation is a clear indicative of the restoration of the autonomic function and therefore suggests a good prognosis by RFX.
To the best of our knowledge the present report is rst to elaborate the prognostic relationship between carcinogenesis and autonomic dysfunction in experimental model. All in all, RFX demonstrated good prognostic valve in the management of experimental carcinogenesis through restoration of UCHL-1 and regulating the autonomic dysfunction.
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